Assessment of the COFSI/MAST I project by Chew, Meng-Sang
A 7 DEPARTMENT OF MECHANICAL ENGINEERING AiID MECHANICS COLLEGE OF ENGINEERING AND TECHNOLOGY 
OLD DOMINION UNIVERSITY 
NORFOLK, V I R G I N I A  23508 
ASSESSMENT OF THE COFSI/MAST I PROJEC 
Meng-Sang Chew, P r i n c i p a l  I n v e s t i g a t o r  
F i n a l  Report 
For  t h e  p e r i o d  ended September 15, 1987 
Prepared f o r  t h e  
Na t iona l  Aeronaut ics and Space Admin i s t ra t i on  
Langley Research Center 
Hampton, V i r g i n i a  23665 
Under 
Master Contract Agreement Nul-17993 
Task Authorization No. 75 
Melv in  H. Lucy, Technical  Moni tor  
SED-Mechanical Systems Sect ion 
[tii&Sa-CE-l83366) ASSESSnEIT OF THE I88- 1 0 3 40 
COPSI/HAST I PROJECT F ina l  Report, p e r i o d  
ended IS S a p ,  1987 (Old Doainion lJniv.1 16 
p A v a i l :  NTIS BC A 0 3 m  A01 CSCL 131 Unclas 
G3/37 0097805 
September 1987 
https://ntrs.nasa.gov/search.jsp?R=19880000958 2020-03-20T08:45:44+00:00Z
t 
0 
DEPARTMENT OF MECHANICAL ENGINEERING AND PiECHANICS 
COLLEGE OF ENGINEERING AND TECHiVOLOGY 
OLD DOMINION UNIVERSITY 
NORFOLK, V I R G I N I A  23508 
ASSESSMENT OF THE COFSI/MAST I PROJECT 
BY 
Meng-Sang Chew, P r i n c i p a l  I n v e s t i g a t o r  
F i n a l  Report 
For t h e  p e r i o d  ended September 15, 1987 
Prepared f o r  t h e  
Nat iona l  Aeronaut ics and Space A d m i n i s t r a t i o n  
Langley Research Center 
Hampton, V i r g i n i a  23665 
Under 
Master Contract  Agreement NAS1-17993 
Task A u t h o r i z a t i o n  No. 75 
Melv in  H. Lucy, Technical  Moni tor  
SE D-Mech an i c a l  Systems Sect i on 
Submitted by the 
Old Dominion U n i v e r s i t y  Research Foundation 
P.O. Box 6369 
Norfolk, V i r g i n i a  23508 
September 198 7 
1 
o f  mechanisms t h a t  constitute the collapsible/extensible Mast, contains 
mechanisms/linkages t h a t  deploy and retract same. 
The Mast is  a flexible spatial (30)  linkage w i t h  hinges t h a t  lock i n t o  
place d u r i n g  deployment t o  form a truss type structure. I t  i s  60 meters ( 5 4  
I 
I diagonals. All joints are single-degree-of-freedom hinges, arranged such t h a t  
the Mast does no t  rotate during deployment/restow and t h a t  deformation energy 
~ 
i s  minimized. Mispan hinges are incoporated i n  the diagonals and  h a l f  o f  the 
batten members. 
I n  the fo l lowing  sections, the contractors wi l l  analyze the various 
operational aspects and characteristics o f  the various mechanisms w i t h i n  the 
DRA.  
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2. ANALYSIS OF MECHANISMS ASSOCIATED WITH DEPLOYMENT/RESTOW AND LATCHING OF 
COFS I HARDWARE 
There a r e  two l i nkages  mechanisms; one f o r  deployment and another  t o  
a s s i s t  i n  restow. The deployment l i n k a g e  system c o n s i s t s  p r i m a r i l y  o f  a 
r e c i r c u l a t i n g  gear t r a i n  and such a gear t r a i n  has genera l l y  been i n e f f i c i e n t .  
Furthermore, i t  i s  a n t i c i p a t e d  t h a t  the s i z e  and weight  o f  the r e c i r c u l a t i n g  
gear arrangement may be reduced by o ther  approaches w i t h o u t  s a c r i f i c i n g  
r e 1  i a b i  1 i ty. I 
P a r t  o f  the restow mechanism i s  the  Bell-Crank mechansim t h a t  ac tua tes  
I the d iagonal  fold-arms. This mechanism, on the o ther  hand, should be designed 
I 
very c a r e f u l l y  because i t  i s  i n h e r e n t l y  a s t r u c t u r e  t h a t  works as a mechanism 
due t o  ' 'spec ia l  dimension." It i s  a n t i c i p a t e d  t h a t  the h o s t i l e  environment o f  
space w i l l  p rec lude such a s e t  o f  " spec ia l  dimens ons" from ma in ta in ing  i t s  
dimensional  i n t e g r i t y .  
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3. ASSESSMENT OF EFFECTS OF DEPLOYMENT/RESTOW LOADS ON COFS I DEPLOYABLE BEAM 
STRESS DISTRIBUTION, ESPECIALLY IN JOINT/HINGE BOND REGIONS 
During deployment, the process  i s  r a t h e r  slow so t h a t  the dynamic e f f e c t s  
may be neglec ted .  As the screw loads  ''draw'' on the "A"  co rne r  bodies ,  the 
sp r ing  loads  i n  the diagonal  hinges a c t u a l l y  causes  these co rne r  bodies  t o  be 
pushed up  a .ga ins t  the screw leads,  i n  the d i r e c t i o n  of  deployment. T h i s  means 
t h a t  loading  on the va r ious  j o i n t s  and hinges i s  n o t  caused by the deployment 
l ead  screws b u t  by the high s p r i n g  load ings  w i t h i n  the diagonal  hinges. In 
f a c t  the lead  screws a c t u a l l y  provide t h a t  cons t r a ined  deployment of the bays. 
During the restow process ,  the diagonal  f o l d  arms a c t  on the diagonal  
hinges. Again the effect ive loading  on the ent i re  beam i s  d i r ec t ly  a func t ion  
of the diagonal  hinge d e s i g n  a s  well a s  the loading  w i t h  the s p r i n g  of  the 
hingu. T h i s  p o i n t s ,  a l l  impor t an t ly ,  towards the necessity of de te rmining  
a c c u r a t e l y ,  the load ings  w i t h i n  the diagonal  hinge because these l o a d s  
d i rec t ly  a f f e c t  t h a t  of a l l  of the o t h e r  l i nkage  mechanisms w i t h i n  the DRA. 
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4. VERIFICATION OF FORCES AND MOMENTS WITHIN THE DIAGONAL FOLD HINGE 
A f o r c e  and displacement a n a l y s i s  of the diagonal  f o l d  h i n g e  i s  s imula ted  
using the Automatic Dynamic Analys is  of  Mechanical Systems (ADAMS) sof tware .  
F igure  1 below shows a model o f  the diagonal  f o l d  hinge. 
-- L[ yR - - _ - -  - - -  I4 - -  - - - - -  - -  -- x
I 7 L  ,l,s -4 
Figure 1 
Based on the da ta  ob ta ined  from blue prints of  the dimensions and 
c h a r a c t e r i s t i c s  o f  the t o r s i o n  s p r i n g  of the diagonal  f o l d  hinge, the results 
o f  the s imula t ion  a r e  i l l u s t r a t e d  by graphs shown i n  F igures  2a through 2d. 
F igure  2a r e l a t e s  the l i n k  o r i e n t a t i o n  of  l i n k s  #2 and #3 t o  the r o t a t i o n  
of  the diagonal  f o l d  hinge. The interesting p o i n t  t o  no te  i s  t h a t  the 
o r i e n t a t i o n  o f  l i n k  #2 i n c r e a s e s  t o  a maximum and then decreases .  S ince  the 
t o r s i o n  s p r i n g  is connected to  this same l i n k ,  the s p r i n g  torque  on the 
diagonal  f o l d  hinge should be p ropor t iona l  t o  the angu la r  d i sp lacement  of  l i n k  
#2 p l u s  a c o n s t a n t  ( the p re load ) .  T h i s  i s  verified by the graph i n  Figure 2b 
w h i c h  shows the s p r i n g  to rque  a s  a func t ion  of  hinge r o t a t i o n .  Note the e x a c t  
s i m i l a r i t y  of the l i n k  o r i e n t a t i o n  curve f o r  l i n k  #2 and the s p r i n g  to rque  
curve.  Note a l s o  the e x a c t  s i m i l a r i t y  o f  where the maximum l i n k  o r i e n t a t i o n  
5 
o f  l i n k  #2 t o  the where maximum sp r ing  torque occurs. 
F igure  2c shows the torque requi rement  needed t o  keep the diagonal  f o l d  
hinge a t  a g iven angle o f  r o t a t i o n .  Note the tremendously h igh  i n i t i a l  torque 
needed t o  s t a r t  the r o t a t i o n  o f  the diagonal  f o l d  hinge. 
In  view of the h igh  torque needed t o  s t a r t  the hinge r o t a t i o n ,  i t  i s  
necessary t o  determine the load ings  i n  the j o i n t s  o f  the hinge. Th is  i s  shown 
i n  F igure  2d where the  i n i t i a l  load ings  o f  157.2 l b  occur w i t h i n  hinge #23 and 
hinge #34. Therefore,  i t  i s  c r u c i a l  t o  design the j o i n t s  o f  the  hinge t o  be 
a b l e  t o  take such h igh  loadings.  
It was subsequently d iscovered t h a t  M r .  L. Adams o f  ASTRO Corpora t i o n  had 
used a s l i g h t l y  d i f f e r e n t  s e t  o f  numbers. Based on t h a t  s e t  o f  L. Adam' 
data, a s imu la t i on  o f  the torque requi rement  i s  obtained. Th is  i s  shown 
p l o t t e d  i n  F igure  3. Note i n  t h i s  case the torque requi rement  becomes 
negat ive  and t h i s  somewhat corresponds t o  the r e s u l t  obta ined by M r .  L. 
Adams. The main d i f f e r e n c e  i s  due t o  the i n c l u s i o n  o f  j o i n t  f r i c t i o n  i n  M r .  
L. Adamsl model. A copy o f  h i s  r e s u l t s  a re  shown as F igure  4. 
To reduce the i n i t i a l  h igh  torque needed t o  r o t a t e  the diagonal  f o l d  
hinge, a cam i s  i nco rpo ra ted  w i t h i n  the  hinge. When one segment o f  the cam i s  
pushed upon, another  segment o f  the cam a c t s  on l i n k  #3 t o  a s s i s t  i n  reduc ing  
the  torque needed t o  r o t a t e  the hinge. A s imu la t i on  (us ing  the ADAMS 
so f tware)  on the torque needed t o  r o t a t e  the cam i s  shown i n  F igure  5. It i s  
f a s c i n a t i n g  t o  note t h a t  a small i n i t i a l  torque of l e s s  than 4.0 l b - i n  i s  
s u f f i c i e n t  t o  over come the h igh  hinge torque. 
I t tu rns  o u t  t h a t  a s t a t i c a l  f o r c e  de terminat ion  o f  the r e c i r c u l a t i n g  
gear t r a i n  as w e l l  a s  the be l l - c rank  l i nkage  i s  impossib le  because o f  
redundancy i n  the l i nkage  s t ruc tu re .  That i s  t o  say, there  two l i nkage  
6 
mechanisms are statically indeterminate. Because o f  this, no simulation i s  
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5. IDENTIFICATION OF DESIGN IMPROVEMENTS 
I n  view o f  the  disadvantages o f  s t a t i c a l  i n  determinancy as w e l l  as the 
i n e f f i c i e n c i e s  i n h e r e n t  i n  r e c i r c u l a t i n g  gear t r a i n s ,  i t  i s  recommended t h a t  
the bevii gear t r a i n s  and the be l l - c rank  mechanisms be redesigned. 
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